In the present study, influence of three zone asymmetric apodizer on the resolution of composite image of two object points with given intensity ratio 'c' has been investigated. The proposed pupil function and its transmittance is formulated and studied. Fourier analytical properties of three zone aperture systems are studied by applying the modified sparrow criterion. The results are discussed in terms of sparrow limits obtained as a function of the degree of coherence of the illumination, intensity ratio of two object points and apodization parameters. Additionally, a test for the resolvability of the point sources from various set of observations is presented. It is established that for certain cases of illumination, the presence of amplitude and phase apodizer leads to an improvement in the resolution of optical imaging systems. The dependence of these characteristics on apodization controlling parameters is studied and reported.
INTRODUCTION
In imaging science, resolution is always an important classical problem. Since it is not explicitly defined, it is interpreted in many ways. Current paper work examines the concept of two-point resolution. Using pupil filters the twopoint resolution of optical imaging system can be altered such that the resolution limit increases as the degree of coherence increases. Technically feasible applications for this consequence include e.g. superresolution or increased instrumental light shaping, detecting the direct image of fading object in the close proximity of the bright object. Earlier studies in this direction are limited to a few cases [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] . In many past approaches, images were calculated mathematically thus so-called classical resolution criteria, such as Rayleigh criterion [18] . It provides resolution limits that are exclusively dogged by the calculated shape of the PSF associated with the imaging aperture and the wavelength of incident radiation. But in real practice, such images do not occur.
Here we investigate the effect of three zone asymmetric apodizer on two-point resolution by utilizing Sparrow criterion. Two object points can just be resolved when the second derivative of the total intensity distribution in the composite image is zero [19] . The influence of defocusing on the resolution of rotationally symmetric optical systems with shaded apertures was studied extensively [20] . These studies are basis for present investigation. It is clear that the current study is dealing with an effect of three zone amplitude and phase filter on resolution of asymmetrically apodized optical systems for two object points in close proximity. The axial spatial resolution of imaging system depends on the sum of the numerical apertures of illumination, incident wave front and the imaging optics [21] .
The concept of asymmetric apodization introduced by Cheng and Siu [22] and succeeded in improving the resolution of point spread function. In extension to their work [23] they succeeded in achieving low optical sidelobes and sharp central maxima on one side of the PSF termed as 'good side' at the cost of aggravating its counterpart termed as 'bad side'. Studies on asymmetric apodization are found to be important in fields like confocal imaging [24] [25] [26] , medical imaging, spectroscopy, communication engineering and astronomical observations [27] . This paper is organized as follows: in section 2, we briefly review the formulation and the transmittance of the pupil function and its numerical simulation is also described by employing the optimized method of numerical integration. In section 3, we discussed the applicability of the proposed apertures for improving the resolution of optical systems. Section 4 is forming conclusions of the study.
THEORY
Considering two distinct self-luminous point sources can be imaged by two-dimensional diffraction limited imaging systems. According to geometrical optics each individual is not imaged as a point itself due to the diffraction at the aperture. According to the wave theory of fraunhofer diffraction, the composite intensity distribution in the image plane produced by two point sources together is given by [20] & [21] :
Where 2B = X 0 is the actual severance between the point sources, c is the ratio of their intensities and (X 0 ) is the true part of the complex degree of spatial coherence of the illumination. X is the dimension less diffraction co-ordinate in the image plane. A(X+B) and A(X -B) are the normalized complex amplitude whim response functions of the optical imaging system corresponding to the point sources, each of which is located at a distance of X 0 /2 on both side of the optical axis. The amplitude impulse response function A (X ± B) is known by:
Where J 0 is the Bessel function of the first kind and zero order [20] , f( ) sets for the pupil function, here ' ' is the distance of the reference point on the exit pupil uttered as a fraction of the radius of the pupil and is the amplitude apodization parameter which decides the degree of nonuniformity of transmission of central circular region of the pupil function. The spatial distribution of transmittance in the plane containing exit aperture referred as the pupil function. Hence, the generalized expression for amplitude impulse response is given by [22, 23] :
Taking into consideration the requirement for resolving the composite image of two object points in close proximity with given intensity ratio 'c', we propose the twodimensional complemetary pupil function. In the present context the word 'composite image' refers to an overlapped pattern of visible light of photons collected in the focal plane. Fig. (1) shows model of the complemetary pupil functions. It consists of two semicircular edge zones of equal width 'b' with opposite phase transmittances of the form +i and -i and the central circular zone is being amplitude apodized and its corresponding phase is zero. For proposed amplitude apodizer, the transmittance at the center of the aperture ( = 0) t( ) = unity i.e. maximum. It decreases towards the edge of the aperture as goes to 0.5 for all values of . It is clear that t( ) is minimum at edges for any degree of amplitude apodization.
is the apodization parameter controlling the degree of non-uniformity of the transmittance over zone of radius (1-b) . The range of values it takes is 0 1. It is clear that for =0, the transmittance of this zone is uniform. Transmittance over rest of the two zones of circular aperture of unit radius is unity. Here b is the certain width of semi-circular ring. It is illustrated in Fig. ( 2) in detail.
In the presence of three zone apodizer the intensity distribution in the image plane is derived by combining Eq. 4 into Eq. (1). When the second derivative of the image intensity distribution vanishes at a certain point (x=x 0 1 ) between two Gaussian image points, with the condition that this point x 0 1 should be a solution for the first derivative of the image intensity distribution becoming zero. It can be written as:
RESULTS AND DISCUSSION
In the present paper the resolution of composite image of two point sources has been evaluated by employing a Fig. (1) . General scheme of the two-dimensional three-zone aperture.
twelve-point Gauss quadrature numerical method of integration. It has been applied to find the sparrow limits of resolution for various set of observations, are tabulated and presented. These values are obtained for the Airy case (b = 0, = 0) and the non-Airy case (b 0, 0). It has been found that the results of Airy case count with apodized case (threezone aperture) to better understand the efficiency of apodization. By employing Eq. (1) the intensity distribution in the composite image of the two-point sources formed by a complemetary pupil function of optical imaging system has been computed. Study has done as functions of various parameters: width of semicircular edge ring element b, amplitude apodization controlling parameter , the intensity ratio of two point sources c, the degree of coherence of illumination and the actual distance of separation between two points Xo.
With the aim to increase the resolution we designed three zone apodizer by adopting the procedure as mentioned in the section 2. For composite intensity distribution of two distinct point sources with c = 0.2, the sparrow limit decreases almost linearly with the increase of the semicircular edge ring width b (>0.06) for zero amplitude apodization ( = 0) under any condition of coherence of illumination. Analogous trend is found for = 0.2 under same conditions. This can be seen in more detail from the listed values in Table 1 . This study clearly manifests that initially the resolution of two object points is increased as the b value approaches 0.04 for all coherence conditions of illumination. On further rise in b value the resolution is degraded. Table 1 . It is an important aspect of present study depict that by employing amplitude and phase apodization the overall resolution of two unequally bright points is improved in terms of the modified sparrow criterion. This influence appears in the resultant image intensity distribution as presented in the following Figs. (3 and 4) . Fig. (3) shows the effect of amplitude apodization in the resolution of two point sources of different intensity at Xo = 4 under incoherent illumination. It is found that the overall resolution is improved with degree of amplitude apodization. In this case the critical sparrow limits found to be 3.5168, 3.5868, 3.6820, and 3.5279 as shown in Table 1 . Fig. (4) shows the effect of amplitude-phase apodization in the resolution of incoherent composite image of two object points with given intensity ratio 'c' at Xo = 4. For b = 0.04, it is observed that there is a shift found in the resultant pattern for all values, in addition the left half axis is becoming broadened at the cost of narrow intensity profile on the right half axis. The sparrow limits found in this case are 3.5974, 3.6179, 3.6293 and 3.6212 (from Table 1 ), respectively. As amplitude apodization controlling parameter held constant ( = 0.2 or 0.6), the effect of asymmetric apodization (functions of b value) in the resolution of two point objects of different intensity is illustrated in Figs. (5a) and (b). Asymmetric apodization found to be more effective in improving the resolution of optical imaging system. This study is found that left half axis intensity profile become broadened and shifted while on right half axis intensity profile becomes narrower. This observation improves with degree of asymmetric apodization for any value of . Shift in the resultant intensity pattern can also be observed with respect to dip position. This effect is an evidence for superresolution phenomena. Fig. (6) shows the intensity distribution as a function of x for various separations of two points of different intensity in the object plane under incoherent illumination = 0. Here, the degree of asymmetric apodization is b = 0.1 and the degree of amplitude apodization is = 0.2. For Xo = 3, there result a dip appears in the resultant intensity pattern. With the increase of Xo, the position of central dip moves toward low intensity maximum rendering an improvement in the resolution. Fig. (7) shows the intensity distribution in incoherent composite image of two point sources at Xo = 4 for various values of the intensity ratio c. In this figure in the case of two equally bright point sources (c = 1), marked resolution can be observed than that of rest of the conditions. It implies that three zone apodizer is effective in resolving two object points of equal intensity. The intensity distribution curves in Fig. (8) are plotted as function of x for various combinations of degree of coherence . The dependence of the sparrow resolution limits on apodization parameters (b = 0.1 and = 0.4) is depicted. This figure illustrates that for c = 0.6 at Xo = 4, the dip appears on composite image intensity distribution of two object points under coherence illumination. As the coherence condition of light approaches the incoherent limit ( = 0) the dip of intensity increases almost linearly with values. This effect states that the influence of three zone pupil filter is found to be significant in improving the resolution of two distinct point sources of different intensities. 
CONCLUSION
By employing amplitude and phase filter the Two-point resolution of optical imaging systems in partially coherent or coherent light has been studied in terms of modified Sparrow criterion. Present studies conclude that the resolution of composite image of two distinct object points is very much influenced by the degree of apodization. This influence resembles variedly with amplitude apodization ( ) and asymmetric apodization (b) on the resultant image intensity distribution. The present study is found to be more effective for certain values of b (0.04, 0.8 and 0.1) and (0.2, 0.4 and 0.6). This apodizer can be realized in practice with proper composition of dielectric coating materials by making use of standard fabrication techniques, this can be taken as future scope of present study. 
